Lateral wedge insoles for knee OA knee osteoarthritis during walking. Primary outcomes of interest relating to the 10 biomechanical risk of disease progression were the 1 st and 2 nd peak external knee adduction 11 moment (EKAM) and knee adduction angular impulse (KAAI). Eligible studies were pooled 12 using random-effects meta-analysis.
Objective

1
Lateral wedge insoles are intended to reduce biomechanical risk factors of medial knee 2 osteoarthritis (OA) progression, such as increased knee joint load; however, there has been no 3 definitive consensus on this topic. The aim of this systematic review and meta-analysis was 4 to establish the within-subject effects of lateral wedge insoles on knee joint load in people 5 with medial knee OA during walking.
6
Methods
7
Six databases were searched from inception until February 13 th 2015. Included studies 8 reported on the acute biomechanical effects of lateral wedge insoles in people with medial 9 knee osteoarthritis during walking. Primary outcomes of interest relating to the 10 biomechanical risk of disease progression were the 1 st and 2 nd peak external knee adduction 11 moment (EKAM) and knee adduction angular impulse (KAAI). Eligible studies were pooled 12 using random-effects meta-analysis.
13
Results
14
Eighteen studies were included with a total of 534 participants. Lateral wedge insoles resulted The local mechanical environment plays an important role in the pathogenesis of knee 48 osteoarthritis (OA) (1). Knee joint loading, estimated using surrogate measures such as the 49 external knee adduction moment (EKAM), has been implicated in both the development of 50 knee pain and radiographic progression of medial knee OA in older adults (2, 3). Knee load 51 during walking is also positively associated with levels of subchondral bone change (4),
52
worsening of bone marrow lesions (5), cartilage loss (6) and progression to total knee 53 replacement in those with established disease (7). Non-invasive interventions aimed at 54 reducing knee load during walking may therefore hold potential to slow disease progression 55 in people with medial knee OA.
56
The medial knee compartment more commonly shows radiographic disease, proposed to be a 57 result of bearing a greater proportion of load (~60%) compared to the lateral compartment
58
(~40%) during walking (8). The EKAM has been used as a proxy for medial knee joint load 59 and a reduction in the EKAM represents a change in medial to lateral distribution and a 60 relative lowering of the medial compartment load (9). The area underneath the EKAM curve,
61
the knee adduction angular impulse (KAAI), represents the cumulative effect of the EKAM 62 over the stance phase (10). High medial knee loading during walking estimated using the 63 EKAM and KAAI is predictive of structural progression in knee OA (3, 6, 11) , and as they 64 are modifiable factors with conservative interventions, are potential targets to slow disease 65 progression.
66
Lateral wedge insoles are in-shoe devices that lower medial tibiofemoral compartment load to 67 potentially reduce the deleterious effects of aberrant mechanics in knee OA. Originally 
70
Variations to this design have been described, ranging from shortened devices covering only 71 the heel (13), to modifications of over-the-counter arch supports (14 
Results
192
Three hundred and eighty three (383) , with ten stating cut-offs regarding the severity of knee pain (13, 21, 29, 31, 32, 34, 39), most commonly >3/10 on a visual analog scale (21, 31, 32, 34, 37, 38, 40) . This 21, 29, 31, 32, 34, [37] [38] [39] [40] 42) . Presence of medial joint space narrowing greater than lateral 210 (13, 21, 29, 32, 33, 35, 36, 39, 41) and/or varus knee alignment (30, 36, 40, 42, 43) were used 211 to limit participants to those with medial tibiofemoral OA.
212
Two studies reported the effects of heel wedges (43, 44), 14 studies investigated full-length 213 insoles and two studies included both heel and full-length insoles (40, 45 Eighteen studies reported the effect of lateral wedge insoles on the 1 st peak EKAM, of which (Table 3 ).
237
The overall pooled effect estimate suggested that lateral wedge insoles resulted in a Eight studies reported the effect of LWI on the 2 nd peak EKAM; seven studies with a shoe-250 only comparison, one study with a neutral (flat) insole comparison and one study reported 251 both comparisons. A total of 12 comparisons were included in the data synthesis (Table 3) .
252
Overall, LWI resulted in a statistically significant reduction in the 2 nd peak EKAM (SMD = - There was also evidence for differences according to subgroup analysis, with comparisons 
Knee adduction angular impulse (KAAI)
262
Nine studies with a total of 11 comparisons were reported for the effect of LWI on the KAAI,
263
with all but one comparing the LWI to a shoe-only condition (Table 3) Table 3 here****
272
Risk of Bias
273
The modified index scores of included publications ranged from eight to 13 out of 16 (Table   274 1). Scoring agreement from two reviewers was evident on 271 of 288 items (agreement = 275 94%). Less than half of studies satisfactorily described their employed intervention clearly
276
(item 4) with most neglecting to report the density of the insole material. Inadequate participants who agreed to participate from the initial recruitment (item 9) was also common.
279
All studies also failed to report if they blinded the assessors during the analysis of primary the KAAI has been proposed as a more useful measure to account for both the duration and 317 magnitude of loading in knee OA. Indeed, the KAAI but not the peak EKAM has been 318 associated with medial tibiofemoral cartilage loss over 12 months (6) and 2 years (11).
319
Although the overall reduction in the peak EKAM and KAAI with lateral wedge insoles per 320 step was small, it may surmount to a large cumulative effect imparted on the knee over the 321 course of the day (52). This should be considered when interpreting the findings of this 322 review and future research on load modifying interventions in knee osteoarthritis.
323
Unlike the results of a meta-analysis on the effect of lateral wedge insoles on pain (19) 
334
We assessed for the presence of publication bias by using funnel plots and formal testing 335 which revealed weak evidence for an effect, strengthening the inferences from this review.
336
An imputation approach for some comparisons was used to derive standard errors for effect 337 sizes, however we took the most conservative approach by using the lowest correlation nd peak external knee adduction moment (EKAM) and knee adduction angular impulse (KAAI). Solid squares indicate the effect size and horizontal bars the 95% confidence interval (95% CI). Solid diamond represents the pooled estimate. Included studies were weighted based on the standard error of the effect size.
